Multiparent advanced generation intercross (MAGIC) populations have recently been 26 developed to allow the high-resolution mapping of complex quantitative traits. This 27 article describes the development of one MAGIC population and verifies its potential 28 application for mapping quantitative trait loci (QTLs) in B. juncea. The population 29 was developed from eight founders with diverse traits and composed of 408 F 6 30 recombinant inbred lines (RILs). To develop one rapid and simplified way for using 31 the MAGIC population, a subset of 133 RILs as the primary mapping population were 32 genotyped using 346 intron-length polymorphism (ILP) polymorphic markers. The 33 population lacks significant signatures of population structure that are suitable for the 34 analysis of complex traits. Genome-wide association mapping (GWAS) identified 35 three major glucosinolate (GSL) QTLs of QGsl.ig01.1 on J01 for indole GSL (IG), 36 QGsl.atg09.1 on J09 and QGsl.atg11.1 on J11 for aliphatic GSL (AG) and total GSL 37 (TG). The candidate genes for QGsl.ig01.1, QGsl.atg09.1 and QGsl.atg11.1 are GSH1, 38 GSL-ALK and MYB28, which are involved in converting glutamate and cysteine to γ-39 EC, the accumulation of glucoraphanin, and the whole process of AG metabolism, 40 respectively. One effective method for association mapping of quantitative traits in 41 the B. juncea MAGIC population is also suggested by utilization of the remaining 275 42 RILs and incorporation of the novel kompetitive allele specific PCR (KASP) 43 technique. In addition to its QTL mapping purpose, the MAGIC population could also 44 be potentially utilized in variety development by breeders. 45 46 contributions from all founders [3]. It generates a diverse population whose genomes 66 recombine many times, which is suitable for high-resolution trait mapping [2]. In 67 addition, MAGIC populations can also provide excellent materials for plant breeding 68 due to their features of high recombination and the resulting diverse phenotypic 69 diversity. The term MAGIC was first coined in 2007 [4], and the first MAGIC 70 population in plant species was developed in Arabidopsis thaliana (L.) [5]. Then, 71 dozens of MAGIC populations were established in a wide range of various crops, 72 including rice [6-10], tomato [11, 12], fava bean [13], cowpea [14], maize [15], barley 73 [16, 17], strawberry [18], sorghum [19], and wheat [3, 20-23]. However, no MAGIC 74 populations in Brassicaceae have been reported to our knowledge.
With the rapid development of next-generation sequencing technologies and the and photographed on a digital gel documentation system. 136 PCA was used to assess the MAGIC population using the genotyping data, which was 137 performed in SPSS 20.0. The first two principal components (PCs) were used to 138 visualize the dispersion of the lines within a population in a graph. Pairwise similarity 139 coefficients were calculated for all pairwise combinations within a population Marker-trait association analyses 149 Marker-trait association analyses between the three GSL quality traits of two 150 consecutive years and the ILP genotyping data were conducted using a general linear 151 model (GLM) with the TASSEL 3.0 software package [59] . The significance 152 threshold for the associations between ILP markers and traits was set as p< 0.001 (− 153 log10(p) = 3). The ILP markers prefixed with "At" were mapped on the chromosomes 154 of the B. juncea genome according to Panjabi's genetic map [52] . In addition, the ILP 155 markers prefixed with "Bnap" and "Brap" were mapped on the chromosomes of the B. 156 juncea genome by blasting their originated DNA sequence with the B. juncea genome
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Results
170
Development of the MAGIC population 171
The initial B. juncea MAGIC population was developed by intercrossing 8 founder 172 lines that are diverse in agronomic and quality traits ( Table 1 ). The first stage 173 followed a half-diallel mating system by intermating the 34 Chinese native B. juncea 174 germplasm lines, and 17 biparental crosses were performed. The agronomic and 175 quality traits of the 34 germplasm lines were estimated in our earlier study [53] , and 176 the eight diverse lines and their derived 4 F 1 s were selected for the next step. The (R 2 =20.2% and 19.6%) and BnapPIP1698 (R 2 =21.1% and 20.5%), for IG, are mapped BnapPIP1437 (R 2 =10.1 and 7.9 for AG and R 2 =10.3 and 9.5 for TG), for AG and TG, 247 are mapped onto J11 and renamed QGsl.atg11.1 (Table 2 ). In addition, another 248 overlapped QTL regions of At5g63905 (R 2 =22.9 and 18.9 for AG and R 2 =23.0 and 249 19.9 for TG) and BnapPIP1490 (R 2 =26.2 and 25.0 for AG and R 2 =26.4 and 24.1 for 250 TG), for AG and TG, are mapped onto J09 and renamed QGsl.atg09.1 (Table 2) . 
274
While the population structure of MAGIC is ignorable, the population structure 275 obtained in this study is suitable for QTL mapping. Thus, to date, the MAGIC 276 mapping population is the most ideal mapping population.
277
To verify the potential application of the MAGIC mapping population in 278 mapping QTLs in B. juncea. We selected the three GSL traits of IG, AG and TG as 279 candidates for association mapping. In this study, we mapped the three QTLs of the mechanism of GSL biosynthesis and molecular marker-assisted breeding (MAS); 302 however, more work is needed to clone and verify the function of these two genes in 303 the future.
304
The B. juncea MAGIC population provided a template for the development and 
